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1. Introductioii 

Oncogenes have been the focus of intense studies during the last 15 years. 
Initially, it was thought that the only biological activity of the viral oncogenes 
and their cellular homologues was to immortalize and transform cells which sub- 
sequently would develop into malignant or benign rumours. As research pro- 
ceeded, however, it became evident that several of the cellular proto-oncogenes 
were implicated in cell diflFerentiation (Westphal and Gmss, 1989), cell cycle 
(Coppola etal^ 1989) and embryonic development (Shackleford and Varmusj 
1987; Wilkinson a/,, 1987; Muner era/., 1988). In recent years some of them 
were identified as transcription faaors, such as fos and jim (Angel eial.^ 1988). 
Studies on expression of such oncogenes in transfeaed cells has elucidated 
several aspects of the regulation of escpression of these genes. However, their 
exact role in the processes referred to above remains unknown. Therefore, the 
deliberate introduction of such genes in the germ Une of animals would provide 
more precise information. 

Transgenic mice have been exceedingly usefiil in this respect. Generation of 
mice carrying oncogenes under the control of their own transcriptional elements 
has revealed tissue specificity, both in terms of their expression as well as their 
oncogenic action (Compere era/,, 1988; Cory and Adams, 1988; Hanahan, 1988, 
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1989; Adams and Coryj 1991). It was however, the use of artificial hybrid genes 
which shed more light on their action and developed into useful tools in the study 
of cell differentiation and development. Such hybrid genes usually place the 
expression of the oncogene (activated, cellular, viral) under the control of an ele- 
ment which is either widely active, or of a restricted tissue specificity^ i.e. a pro- 
moter with or without enhancer sequences. These constructs are introduced in 
the germ line of mice;» and animals that cany these genes usually express the 
transoncogeue in the tissue determined by the regulatory elements of the hybrid 
gene. This tissue often suffers a developmental disturbance and in most cases 
a tumour develops from the cells that express the oncogene. 

Many such attempts have led to the expression of an activated cellular or viral 
oncogene in a variety of cell lineages or specific organs. For example, the simian 
virus 40 (SV40) large T antigen gene has been introduced in the germ line of 
mice under the control of many promoters, e.g insulin (Teitelman et al^ 1988)^ 
elastase (Omitz eiaLy 1987), a-crystallin (Mahon eiol.y 1987), glucagon (Efrat 
etal^ 1988), metallothioneine (Messing era/., 1985), or atrial natriuretic factor 
(Field, 1988) promoters among others. Transgenic animals were also generated 
which carried the myc gene tmder the control of: the immunoglobulin enhancer 
(Adams era/., I985j Suda^r j/., 1987; Schmidt a/., 1988), the mouse mammary 
tumour virus (MMTV) long terminal repeat (LTR) (Leder et a/., 1986), the H2 
(Morello etaL^ 1989) or Thy-l (Spanopoulou eiaL^ 1989) promotersj a tos- 
activated gene imder the MMTV, whey acidic protein (WAP) (Andres era/., 

1987) , elastase (Quaif etaL^ 1987) or immunoglobulin transcription elements 
(Suda etaL^ 1987; Harris etal^ 1988), More recently, other oncogenes have been 
studied in a similar fashion. Thus, expression of (Muller etaL^ 1988; 
Bouchard etal^ 1989) and fos (Ruther eial^ 1987, 1988) has been targeted to 
specific tissues, almost invariably leading to tumours in the expressing organs. 

In several of these animals the tumours were shown to be of monoclonal origin 
(Adams et al.^ 1985; Leder et aL, 1986; Harris et aL, 1988; Teitelman et al, 1988; 
Spanopoulou etcd.^ 1989). The transgene appears to be expressed in most cells 
of the organ where the tumours developed, yet not all cells proceed to 
malignancy. Thus, it became evident that additional events are needed in order 
to achieve the final transformed phenotype. These secondary events are most 
likely the expression of additional (onco) genes. More recently, some of the addi- 
tional events were shown to be the inactivation of anti-oncogenes, such as the 
retinoblastoma gene (Bernards etal.y 1989; Hong etal^ 1989; Horowitz et al^ 

1988) . The concept of synergism (cooperativity) between oncogenes had ahready 
been demonstrated to be true in experiments with fibroblasts transfecied with 
two oncogenes simultaneously (Land etal^ 1983). Transgenic animals express- 
ing different oncogenes in the same tissue have proved instrumental in showing 
cooperativity between the oncogenes in quesrion. Thus, transgenic animf^i^ 
harboiuing the MMTV-myc hybrid gene were crossed with MMTV-ro^ 
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transgenic animals; the resultii^ double transgenics developed mammary 
tumours much faster than either of the single transgenics (Sinn etaL^ 1987). 

Excellent reviews on the results of transgenic experiments with oncogenes 
already exist in the literature and the reader is directed to some of those for addi- 
tional information (Compere etaLy 1988; Cory and Adams, 1988; Hanahan^ 
1988, 1989; Adams and Cory, 1991). 

In this chapter, three aspects of research with transgenic mice harbouring 
oncogenes will be considered. One aspea concerns the use of such mice to 
generate ceU lines that have been difficult to obtain by other means. The second 
concerns the use of these mice to trap other cellular oncogenes which can cause 
cancer in cooperation with the transoncogene. The final aspect concerns the pro- 
blem of breeding and maintaining mice which carry harmfiil oncogenes* These 
difficulties can be circumvented using carefully designed gene expression 
systems which lead to regulated expression of the oncogene product. 



2. Generation of in vitro cell lines using organ-directed 

oncogenesis 

Research on biological systems has been greatly enhanced by the availability of 
tissue-specific cell lines which can grow indefinitely in vitro. So far, such lines 
have been derived from tumours occurring spontaneously or induced by 
mutagens. Alternatively, retroviruses carrying oncogenes have been used to 
transform primary cell cultures* The advent of traxisgenic mice and the 
possibility to target the expression of genes in different organs using tissue* 
specific promoters made it feasible to induce tumours in mice in the tissue of 
choice. Thus> cell lines have been isolated fi-om several of the transgenic mice 
which carry oncogenes imder the control of different tissue-specific promoters 
(see references in Seaion 1). Below, the use of such animals to isolate cell Lines 
fi-om the thymus will be described. 

Development of T cells takes place mainly in the thymus (Scollay et a/., 1984). 
Precursor cells arriving from fetal liver or bone marrow undergo a complex 
differentiation process resulting in mature functional T cells which are released 
in the periphery (Adkins etal,^ 1987), During this development the surface 
phenotype of the thymocytes changes dramatically (Fowlkes and PardoU, 1989), 
Thus, early cells express Thy-1 and CD2 molecules on their membranes^ 
but lack some of the mature markers foimd in circulating T lymphocytes, such 
as CD4 and CD8* Therefore, they are known as double-negative and this 
population (approximately 2-4% of thymocjrtes) appears to contain most of 
the precursor cells that can repopulate a depleted thymus. Later in development 
these cells acquire CD4 and CDS simtiltaneously on their surface and start 
expressing low levels of the T cell receptor complex (TcRa/3 and CD378efn 
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chains). This population, by &r the most abundant in the thymus (80-90%), are 
known as double positives and represent an intermediate step between precur- 
sors and mature T ceUs. Many of these cells are destined to die within the 
thynms. A minority (approximately 10-20%) of them mature into single-positive 
CD4*CD8- or CD4"CD8+ mature T cells with high levels of functional 
T cell receptor. Another smaller subset of T cells appears to have a different 
receptor on the cell surface, comprised of 7 and 6 chains. 

Mature T cells are capable of recognizing foreign antigens only iu the contesct 
of their own MHC products (class I or dass II), a phenomenon known as MHC 
restriction (Alison and Lanier, 1987). MHC restriction is the result of two major 
mechanisms: positive selection, during which functional cells are allowed to 
mature, and negative seleaion, during which harmful cells are eliminated or 
rendered functionally disabled (anergy) (Ramsdell etaly 1989). 

During the described thymic maturation process, it has become clear that the 
thymic microenvironment plays an important role. The stroma of the thymus 
is composed of a heterogeneous population of epithelial cells of amknown origin 
which are found throughout the cortex and the medulla of the thymus. It is 
widely thought that these stromal cells are not just a supporting structural 
element, but actively participate in the development of T cells, playing a central 
role in positive and negative selection. The heterogeneity of the stromal cells 
is manifested both in morphology and in expression of specific markers, Thus, 
there are monoclonal antibodies which can distinguish between cortical and 
medullary epithelial cells (Haynes, 1984; Lampert and Riner, 1988). 

The study of interaction of thymic stroma with the developing thymocytes in 
whole animals has been hampered by the heterogeneity of the microenviron- 
ment cells as well as by the contemporaneous existence of Ijmiphocytes at 
different stages of development. Such in viw studies, however, have elucidated 
the precursor-progeny relationship of some of the thymocyte subpopulations 
(Scollay et aly 1984; Bluestone etaL^ 1987), but the faaors and conditions deter- 
mining the transition from precursor to produa are still unknown. This is 
probably accomplished by cell surface interactions between the developing 
thymocytes and stromal cells, which either trigger responses by themselves or 
result in the production of cytokines that determine the subsequent events in 
development. 

Experimental systems which can reproduce in vitro some of the steps occurrii^ 
in the thymocyte development, therefore, would be of great assistance in xmder- 
standing the imderlying mechanisms. Immortalized cells from the thymus, 
including both stromal cells as well as precursor or immature thymocytes, can 
be derived by immortaliation/transfonnation after introduction into their 
genome of an oncogene. This theoretically could be accomplished by transfection 
or retroviral infection of primary cultures of the organs. However, such an 
approach becomes very diflEicult when the cells of interest represent a small 
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min rity or when they have a limited life span in primary cultures* Transgenic 
mice harbouring an oncogene under the control of tissue-specific transcripti nal 
dements provide an alternative pathway to the development of such cell lines. 
This has proved a successful approach in the past and cell lines have been 
isolated from mice carrying trans-oncogenes under the control of tissue-specific 
promoters (see references above) 

This is illustrated by the experimental system in which transgenic mice were 
generated which carry the omyc gene under ±e control of the Thy-l gene 
(Spanopouloti etaL^ 1989). Such transgenic mice express the myc gene in high 
levels in the thymus and develop thymic tumours between 6 and 16 weeks of 
age (depending on the levels of myc expression). Immunohistochetnical analysis 
of these tumours showed that both stromal and lymphoid components had 
expanded in the tumour. Fluorescence activated cell sorter (FACS) analysis of 
the lymphoid component revealed that most of the cells were (DD4'^8~*' or 
CD4* 8" (Fig. 1(c)). The transformed phenotype of the cells in such tumours 
was manifested by the ability of homogenates of such thymuses to cause tumours 
in histocompatible mice and by their ability to establish in culture both adherent 
and suspension cell lines. 

The adherent cell lines morphologically appeared as 'cobblestone pavement*, 
which is typical of epithelial cells, and stained with antibodies which stain 
cortical epithelial cells in vivo (Lampert and Ritter^ 1988). The suspension cell 
lines exhibit markers of the lymphoid lineage. Thus, the majority of the lines 
are double-positive (004"^ CDS*) and express on their surface high levels of 
heat-stable antigen (HSA, Jlld) which is a marker for immature thymocytes. 
They also express low levels of T cell receptor complex^ in accordance with their 
classification as precumr-type thymocytes. Southern blot analysis of DNA from 
the cell lines, as well as from thymic tumours using a TcRfi constant-region 
probe, revealed that they are of mono- or oligodonal origin, testifying further 
to the transformed phenotype of these cells. In some tumours which were com- 
posed mostly of GD4* CDS'^ and CD4^8" cells it was found that the same jS 
chain rearrangement was present in the DNA of these two subpopulations. This 
is strong evidence that the double-positive cells isolated from these tumours have 
the capability to mature into single-positive cells, given the right environment. 

Interestingly, the adherent lines, apart from their epithelial phenotype, 
exhibited an additional property which makes them a good candidate for an in 
vitro differentiation sjrstem. When co-cultured with established double-positive 
cell lines from a Thy-myc tumour, they would rosene the lymphocytes in a 
strong and specific manner. In the same culture lymphocytes would ignore col- 
onies of fibroblastic morphology (Fig. 2). This specific interaction between the 
epithelial cell lines and the lymphoid precursor lines can be exploited in differen- 
tiation experiments mvolving the appropriate MHC haplotype on the epithelial 
cells and the appropriate T cell receptor in the precursor thymocytes. 
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Fig. Z Specific inieracnon of double positive (CD4* S**") thymocytes with thymic epithelial cell 
lines (right), In the same cxxulnm the lymphocytes do not adhere to the fibroblastic colony 



In an extension of this principle of obtaining cell lines through targeted 
oncogenesis, another construa was devised which ensured the expression of a 
thermolabile mutant of the SV40 T antigen in a wide variety of tissues in trans- 
genic mice (Jat etal,^ 1991). The SV40 large T antigen (Tag) gene is one of the 
most potent immortalizing genes. Several transgenic mice have been generated 
which cany the wild type of the gene under a variety of promoters (for reviews 
see Compere etaL^ 19SS; Cory and Adams, 1988; Hanahan, 1989). In ahnost 
all these cases, rumours developed in the transgenic mice, usually in the tissues 
where the expression of the Tag was targeted. In order to avoid the lethal eflFects 
due to tumours caused by the Tag, a mutant gene TsA58 was used which gives 
rise to protein which is \mstable at 39^C and stable at 33^C (Tegtmeyer, 1975). 
Since the body temperature of the mouse is ST.S^'G, the majority of the Tag 
molecules made in the transgenic mouse would be degraded. If the tissues were 
dissected, however, and placed in culture conditions which stabilize the protein, 
i.e. 33**C, then the Tag would be allowed to immortalize the cells. In order to 
ensure the expression of the transgene in as wide a variety of tissues as possible, 
use of the MHC class I H2* promoter was made (Weiss etai^ 1983; Kimura 
etaL^ 1986; David- Watinne etaLy 1990), This promoter has the additi nal 
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advantage that it can be induced by 7-interferon^ thm oHering one more level of 
control (Wallach etal.^ 1982; Israel etal^ 1986; David-Watinne etd,, 1990), 
Indeed, transgenic mice harbouring this hybrid H2-tsA58 construa expressed 
Tag mRNA in a wide variety of tissues, with thymus and liver ranking amongst 
the highest expressing tissues (Jat et al.^ 1991). Skin fibroblasts from these mice 
were placed at 33*C in the presence of low levels of Y-inteiferon (1 Uml"* ), 
and yielded immortalized cell lines, which were conditional in their growth. 
Thus, they would grow continuously without undergoing crisis in the permissive 
conditions, but would stop dividing when placed at 39^C or in cultures devoid of 
7-interferon. 

Whereas the rest of the tissues were normal, these mice invariably suffered 
from thymic hyperplasia. The likely absence of transformation from these 
thymuses was shown by the following observations: (1) both lobes of the thymus 
were equally enlarged; (2) unlike the Thy-myc thymic tumours, homogenates of 
these thymuses were unable to cause tumours m bistocompatible animals, even 
when 10^ cells were injected subcutaneously or intraperitoneally; (3) another 
difference from the Thy-^myc tumours was the fact that the enlarged thymuses 
had polyclonal populations of thymocytes as judged by Southern blot anal3rsi$ 
of their ^ chain gene lod; (4) furthermore, fluocytometry using antibodies 
against lymphocj^e surface markers showed normal distribution of the major 
thymus subpopulations (Fig. 1(a) and (b)). 

All this evidence taken together indicates that the lymphocytic expansion in 
these enlarged thymuses is probably of a hyperplastic nature rather than 
neoplastic. The mono- or polydonality of the epithelial cells which also expand 
in these thymuses is not easy to determine* However, as mentioned above, 
homogenates of the enlarged thymuses cannot cause transplantable tumours; 
therefore, the epithelial cells included in the injection are imlikely to be 
transformed. The homogenates of these thymuses were put in culture at 33 °C 
in the presence of interferon and they yielded cultures of ceUs which are keratin- 
positive and exhibit the typical morphology of thymic epithelial cells. These 
cultures are also conditional in their growth, in that they stop dividing if they 
are placed in 39**C. Given the wide tissite distribution of the expression of this 
transgene in these mice, it is very interesting to see which other tissues can yield 
conditional cell lines and which cannot. 



3. Identifying cooperathig oncogenes 

Expression of a transgene in a tissue usuaUy does not guarantee the generation 
of tumours from all cells in this tissue. Thus, E/i-m3w:mice develop certain pre-B 
cell tumours, but not other B cell malignancies (Suda etaL^ 1987; Harris etal.^ 
1988). Similarly, Thy-myc mice devel p thymic tumours f predominantly 
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double-positive (CD4"^CD8*) phenotype (Spanopoulou etal., 1989), It is 
possible that in both f these cases the myc gene causes an increase f these 
populatiotis of cells and thus increasing the probability that secondary events 
which lead to the final transformation. 

In the above cases the secondary event is of an unknown nature. However, 
sometimes cooperation between oncogenes has been directly shown by crossing 
different transgenic mice; thus, when mice which express lie myc transgene in 
the mammary gland are crossed with transgenic mice expressing the ras gene 
in the same tissue, they develop mammary tumours faster than either parental 
strain (Teitelman etaL^ 1988). Similarly, transgenic mice expressing both myc 
and ras in their B cells develop pre-B lymphomas at a fester rate than mice 
expressing either of the genes alone in this compartment (Cory and Adams, 
1988). A similar situation occurs when mice carrying the Thy-tnyc hybrid 
gene are crossed to transgenic mice with the activated H-nw gene under the 
control of the hCD2 gene. The double-transgenic offspring develop thymic 
tumours much earlier than either of the single transgenic parents (D. Greenberg 
and D. KioussiSj unpublished observations). Interestingly, the. lymphomas 
developed in this case were monoclonal in origin, indicating that additional 
events have to take place in order to transform the cells, 

In order to be able to identify such additional genetic events, Anton Bems and 
his colleagues devised a protocol which uses transgenic flnim^ l ^ carrying an 
oncogene and infecting them with a slow-transforming retrovirus devoid of 
oncogenes (Bems ei aL, 1 989). In this protocol the resident oncogene in the trans- 
genic mice was pim-l under the control of its own promoter, the Bfi enhancer 
and the Moloney murine leukaemia virus (Mo-MuLV) LTR. Such mice express 
high levels of the transgene in their haemopoietic tissues. However, these mice 
show no abnormalities in their haemopoietic or l3miphoid organs in the early 
stages (van Lohuizen etaL^ 1988). Only after a latency period, which can last 
up to 8 months, do 10% of the transgenic mice develop T cell lymphomas. Thus, 
the tumour incidence in the E^-^im-i transgenic mice is very low. Such mice 
are ideal to use for identification of other genes whose expression or extinction 
will synergize with pirn expression and lead to tumoiir formation. In order to 
tag such genes, Bems and his colleagues infected newborn normal or pirn trans- 
genic mice with Mo-MuLV. All the Eii-pim-l transgenic animals developed 13ml- 
phomas much earlier than their non-transgenic littermates. These lymphomas 
were oligoclonal and had T cell characteristics. The authors concluded diat 
the B^-pim-l presence in the genome of these mice rendered them highly 
siisceptible to lymphoma induction by Mo-MuLV. Further investigation of 
these tumours established that the majority of the proviruses were integrated 
near the c-myc gene, causing transcriptional activation of this oncogene. The 
activation of the myc gene in this case is (one of) the necessary event(s) that leads 
t the tumour formation. Thus, the S3mergism between xhcpim-l and myc genes 
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is document^ and verified by this system. To fiuther document the synergy 
between these two oncogenes, the authors proceeded to infect Efi-myc transgenic 
mice with Mo-MuLV, The non-infected mice develop spontaneous pre-B cell 
lymphomas and infection by Mo-MnLV accelerated the incidence of such lym- 
phomas * When analysed^ it was found that, in a significant fraction of the 
lymphomas, the pim-J gene was activated by the proviral insertion. Such 
experiments indicate chat the Mo-MuLV infection of transgenic mice bearing 
oncogenes can be exploited to identify other oncogenes which cooperate with 
the resident trans-oncogene in tmnorigenesis. It will be highly interesting to see 
whether inactivation of anti-oncogenes by retroviral insertion can be detected 
by this protocol. 



4. Circiimventing difficulties in breeding and maintaining mice 
carrying harmful oncogenes 

In the examples quoted above, the animals expressing a trans-oncogene in their 
tissues almost invariably develop tumours. The latency of such tumours some- 
time is short and the tumour can cause physiological disturbances which make 
maintenance and breeding of these animals problematic. TTherefore, it would be 
of advantage to introduce a gene in the germ line which remains inactive during 
the life of the animal, but can be activated at will. This could be achieved by 
the use of temperature-sensitive variants of oncogenes or by placing the oncogene 
xmder the control of an element which can be transactivated. In the first case, 
the inactive transgene (the thermolabile protein) in the animal can be activated 
by placing the tissues in permissive culture conditions. Such an experimental 
animal was described above and harbours in its genome a temperature-sensitive 
SV4& T-antigen gene, TsA58 Qat etaL, 1991): 

The second type of transgenic mouse was attempted in several laboratories 
using mammalian vims transactivating systems. Thus, transgenic mice were 
generated which carry the reporter gene chloramphenicol acetyltransferase 
(CAT) under the control of the human imnmnodifSdency virus (HIV) LTR, 
or the HIV tat gene under a regulatory element from the oA crystallin gene. 
When these two strains were crossed, transactivarion of the reporter gene by 
the tat produa caused expression of CAT in the eyes of double-transgenic 
mice (Khillan etal.y 1988)» In another set of e^eriments, the promoter of an 
immediate early gene of herpes simplex virus (HSV-1) was transactivated by the 
VP16 gene produa in double-rransgenic mice (Byrne and Ruddle, 1989). 
However, the r^ulatory elements of mammalian viruses are subject to effects 
firom the transcriptional machinery of the mouse cells* In order to avoid problems 
of unwanted expression, Leder and his colleagues decided to use regular ry 
elements from distantly related species (Omitz a a/., 1990), Thus, firstly, a 
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construct is made which places the one gene of interest under the control of 
regulatory elements that only respond to the yeast transcriptional activat r 
GAL4 (Ptashne, 1986; Kakidani and Ptashne, 1988; Byrne and Ruddle, 1989), 
The promoter of such a construct is engineered in such a way that the transgene 
remains silent in mflmmalian cells or transgenic mice harbouring it* This con- 
struct constitutes the target gene and it can only be expressed in the presence 
of the transcriptional activator GAL4. 

In a second step in this protocol, another transgenic mouse is generated (the 
transactivator animal). This mouse harbours the yeast GAL4 gene under the 
control of specific viral or mammalian transcriptional regulatory dements. 
The choice of the promoter and the regulatory elements can be designed so that 
expression of the GAL4 gene is restricted to a few tissues or at certain times 
during development On the other hand, it can be designed to be expressed in 
a wide variety of tissues. If one mates the two animals described above (the target 
and transactivator mice), their offspring containing the two transgenes will 
express the oncogene only in those tissues expressing the GAL4 gene. 

The above protocol was tested using as ±e target animal a transgenic mouse 
canyihg the Ini'2 gene under the control of GAL4 responsive transcriptional 
elements, has been implicated in mammary tumorigenesis (Dickson ez aL^ 
1984j Ali etal.y 1989), and recently in mouse development Qakobovitz etal^ 
1986; Wilkinson etaL^, 1988). When this gene is over-expressed in breast or 
prostate tissues of transgenic mice it causes an enlargement of the mammary or 
prostate gland, characterized by hyperplasia of their epithelium (Muller et aL, 
1990). Mice which carry the GAL4-inducible Int'2 gene are normal and they 
do not exhibit any expression of the transgene hi their tissues. 

The transactivator mouse carries the mouse mammary tumour virus LTR 
fused to a mutant version of GAL4 {GAL4I236), The presence of the LTR in 
this construct ensures the expression of fairly high levels of GAL4 in several 
tissue of the transgenic mouse (Leder etaL^ 1986). 

Offspring of a cross between these two transgenic mice carrying both 
transgenes express the target gene {Int-2) in all tissues that express GAL4. This 
causes hyperplasia in salivary glands, breast tissue, epididymis and prostate. 
Such double-transgenic mice have problems reproducing or rearing their oflspr- 
Ing, testifying to the usefulness of this binary system. 



5. Condudmg remarks 

Transgenic animals have been proved to be an excellent tool in smdying gene 
regulation and function. Particularly useful applications were employed in 
studies using oncogenes. In this chapter we describe how such transgenic animal 
models can be used as tools to answer questions r facilitate procedures which 
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have been problemfltic in the past, such as isolation f imm mlized cell lines. 
Regulated expression of oncogenes allows the development of nonnal tissues in 
mice until the chosen time. Excision of tissues and placement under permissive 
conditions yields immortalized lines from Hs-TsA58 transgenic mice. Alter- 
natively, mating of carefully designed target-transactivating mice results in 
tumours only in the tissues of interest. 

Finally, transgenic animals carrying oncogenes can be used to track down addi- 
tional oncogenes that cooperate with the transgene or to identify loss of function 
mutants in anti-oncogene locL 
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